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Ibrutinib, a first‐in‐class, once‐daily inhibitor of Bruton tyrosine kinase (BTK), is approved globally for a variety of B‐cell malignancies and for graft‐versus‐host disease in the United States. Patients with chronic lymphocytic leukaemia/small lymphocytic lymphoma (CLL/SLL) and mantle cell lymphoma (MCL) are at an approximately 8‐fold increased risk of major haemorrhage (MH) compared with the age‐ and sex‐matched general population, indicating an intrinsic risk for bleeding in these patients, probably from thrombocytopenia, coagulation abnormalities or comorbidities (Gifkins *et al*, [2015](#bjh15690-bib-0017){ref-type="ref"}). Clinical studies indicated that ibrutinib and other BTK inhibitors are associated with low‐grade bleeding in patients with B‐cell malignancies (Byrd *et al*, [2013](#bjh15690-bib-0007){ref-type="ref"}, [2014](#bjh15690-bib-0008){ref-type="ref"}, [2016](#bjh15690-bib-0010){ref-type="ref"}; Wang *et al*, [2013](#bjh15690-bib-0032){ref-type="ref"}; Burger *et al*, [2015](#bjh15690-bib-0005){ref-type="ref"}; Treon *et al*, [2015](#bjh15690-bib-0030){ref-type="ref"}; Walter *et al*, [2016](#bjh15690-bib-0031){ref-type="ref"}; Seymour *et al*, [2017](#bjh15690-bib-0027){ref-type="ref"}). The mechanism by which BTK inhibitors may predispose a patient to bleeding is not fully elucidated but probably depends on inhibition of collagen‐induced platelet aggregation (Levade *et al*, [2014](#bjh15690-bib-0022){ref-type="ref"}; Bye *et al*, [2015](#bjh15690-bib-0006){ref-type="ref"}; Kamel *et al*, [2015](#bjh15690-bib-0019){ref-type="ref"}; Lipsky *et al*, [2015](#bjh15690-bib-0023){ref-type="ref"}; Alberelli *et al*, [2016](#bjh15690-bib-0001){ref-type="ref"}). Greater reductions in collagen‐ or ristocetin‐induced platelet aggregation have been reported to correlate with bleeding tendency in patients (Levade *et al*, [2014](#bjh15690-bib-0022){ref-type="ref"}; Kamel *et al*, [2015](#bjh15690-bib-0019){ref-type="ref"}; Lipsky *et al*, [2015](#bjh15690-bib-0023){ref-type="ref"}; Kazianka *et al*, [2017](#bjh15690-bib-0020){ref-type="ref"}).

In phase 2 and 3 studies of ibrutinib, low‐grade bleeding events were reported in approximately 50% of patients; major bleeding events (serious bleeding, grade ≥3 bleeding, or any central nervous system \[CNS\] haemorrhage) were observed in 1--10% of patients (Burger *et al*, [2015](#bjh15690-bib-0005){ref-type="ref"}; Byrd *et al*, [2015](#bjh15690-bib-0009){ref-type="ref"}, [2017a](#bjh15690-bib-0011){ref-type="ref"}; Wang *et al*, [2015](#bjh15690-bib-0033){ref-type="ref"}; Chanan‐Khan *et al*, [2016](#bjh15690-bib-0014){ref-type="ref"}; Dreyling *et al*, [2016](#bjh15690-bib-0016){ref-type="ref"}; Coutre *et al*, [2017](#bjh15690-bib-0015){ref-type="ref"}; Jones *et al*, [2017](#bjh15690-bib-0018){ref-type="ref"}). Consistent with these findings, recent systematic reviews and meta‐analyses have found a greater risk of all‐grade bleeding events, but no significant differences in MH risk in patients treated with ibrutinib compared with other therapies, with the caveat of small numbers (Caron *et al*, [2017](#bjh15690-bib-0013){ref-type="ref"}; Yun *et al*, [2017](#bjh15690-bib-0036){ref-type="ref"}).

Major haemorrhage can be associated with substantial morbidity and mortality, and this clinical concern is heightened by the association of atrial fibrillation (AF) with BTK inhibitors (Brown *et al*, [2017](#bjh15690-bib-0004){ref-type="ref"}; Byrd *et al*, [2017b](#bjh15690-bib-0012){ref-type="ref"}; Tam *et al*, [2017](#bjh15690-bib-0029){ref-type="ref"}; <https://www.azpicentral.com/calquence/calquence.pdf>). Antiplatelet (AP) or anticoagulant (AC) therapies used to manage the risk of thromboembolism in patients with AF generally increase the risk for MH. A recent integrated analysis of AF in ibrutinib‐treated patients showed that patients with AF did not have more severe bleeding events than those without AF, with grade ≥3 bleeding events seen in 2% of ibrutinib‐treated patients who had AF and in 2.9% of all ibrutinib‐treated patients (Brown *et al*, [2017](#bjh15690-bib-0004){ref-type="ref"}). Among those with an AF event on study, 47% received acetylsalicylic acid (ASA; 20% received other APs), 51% received low‐molecular‐weight heparin (LMWH), 24% received novel oral ACs, and 14% received vitamin K antagonists (VKAs) during the study. However, a recent retrospective, single‐centre study of ibrutinib‐treated patients with haematological malignancies reported a higher rate of major bleeding events, seen in 7 of the 76 patients with AF over a median follow‐up of 32 months (Wiczer *et al*, [2017](#bjh15690-bib-0034){ref-type="ref"}).

To characterise the risks of MH with ibrutinib compared with other regimens, we conducted an integrated analysis of data from clinical studies with ibrutinib‐based therapy in patients with B‐cell malignancies. We further evaluated potential risk factors for MH, especially the concomitant use of AC and/or AP agents.

Methods {#bjh15690-sec-0002}
=======

Data sources {#bjh15690-sec-0003}
------------

This analysis included data combined from 15 completed clinical studies, including 4 randomised controlled trials (RCTs; RESONATE (Byrd *et al*, [2014](#bjh15690-bib-0008){ref-type="ref"}), RESONATE‐2 (Burger *et al*, [2015](#bjh15690-bib-0005){ref-type="ref"}), HELIOS (Chanan‐Khan *et al*, [2016](#bjh15690-bib-0014){ref-type="ref"}), RAY(Dreyling *et al*, [2016](#bjh15690-bib-0016){ref-type="ref"})), between 3 October 2008 and 31 August 31 2016, of single‐agent or combination ibrutinib in patients with B‐cell malignancies (Table [SI](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Outcomes {#bjh15690-sec-0004}
--------

All bleeding events (i.e. any haemorrhage) were defined with Medical Dictionary for Regulatory Activities (MedDRA; version 17.1; <https://www.meddra.org/>) preferred terms in the "Haemorrhage terms (excluding laboratory terms)" sub‐Standardized MedDRA Query (SMQ). MH was determined following the framework described by Schulman and Kearon ([2005](#bjh15690-bib-0026){ref-type="ref"}) and defined as the following types of adverse events (AEs) coded as MedDRA (version 17.1) preferred terms in the aforementioned sub‐SMQ: grade ≥3 non‐serious AEs, serious AEs (SAEs), or any‐grade CNS haemorrhage. Any occurrence of multiple simultaneous events or recurrence was coded as more than 1 event. Descriptive statistics were used to summarise all bleeding events and MH. Exposure‐adjusted incidence rates (EAIRs) were calculated to account for differences in treatment duration and were based on the occurrence of the first MH event per patient and should be interpreted as the average rate of the first treatment‐emergent MH event per person‐time of exposure for all patients at risk. Exposure duration was calculated from initiation of ibrutinib to onset of the first MH event or end of treatment plus 30 days, end of study, or death, whichever was the earliest. The 95% confidence interval (CI) for EAIR was calculated using approximation to a normal distribution.

Risk factors {#bjh15690-sec-0005}
------------

Based on reported risk factors for MH and the availability of data in ibrutinib clinical studies, the following variables were evaluated: age (\<65 years; 65--75 years; \>75 years), sex, baseline platelet count (\<50 × 10^9^/l, 50--100 × 10^9^/l, \>100 × 10^9^/l), baseline lymphocyte count (\<100 × 10^9^/l, ≥100 × 10^9^/l), Eastern Cooperative Oncology Group (ECOG) performance status (0--1, \>1), concomitant use of AP and/or AC, relevant medical history (bleeding events, excessive fall risk, neuropsychiatric disease, haemorrhagic stroke or traumatic brain injury, renal diseases, liver diseases, hypertension and alcohol abuse), use of concomitant moderate or strong CYP3A inhibitors and abnormal international normalised ratio (INR) at baseline (normal ≤1.5, abnormal \>1.5). Cox proportional hazards regression models were used to perform univariate analyses to evaluate the effect of each risk factor upon MH onset. Variables with *P *\<* *0.15 and selected variables, including treatment (ibrutinib vs. comparator), AC/AP use, age and sex, were included in multivariate analyses. AC/AP use was analysed as a time‐dependent covariate in the Cox hazards model.

Concomitant AC/AP use {#bjh15690-sec-0006}
---------------------

The crude relative risk of MH associated with concomitant AC/AP use was calculated by taking the ratio of the incidence rates of MH in the AC/AP‐exposed *versus* the AC/AP‐unexposed subgroups, that were defined as exposed or unexposed to AC and/or AP at any time during study drug treatment. The AC/AP‐exposure‐adjusted relative risk of MH was calculated based on the number of events per exposed *versus* unexposed person‐time to AC and/or AP therapy. Person‐time exposed or unexposed to AC/AP was defined as the duration with or without concomitant usage of AC/AP therapy with study drugs, respectively.

Results {#bjh15690-sec-0007}
=======

Patients {#bjh15690-sec-0008}
--------

This analysis included 1768 ibrutinib‐treated patients (total ibrutinib pool), composed of 1345 patients treated with single‐agent ibrutinib and 423 patients treated with ibrutinib‐based combination regimens (Table [SI](#bjh15690-sup-0001){ref-type="supplementary-material"}). In this pool, 1165 patients (65.9%) had CLL/SLL, 381 patients (21.5%) had MCL and 222 (12.6%) had other B‐cell malignancies, including Waldenström macroglobulinaemia (WM), diffuse large B‐cell lymphoma, follicular lymphoma and other non‐Hodgkin lymphomas. The RCT pools included 756 ibrutinib‐treated patients and 749 comparator‐treated patients. Most patients (82%) in the RCT pool had CLL/SLL and 18% had MCL.

Baseline characteristics were similar between ibrutinib‐ and comparator‐treated patients in the RCT pool and risk factors for MH were comparable between groups (Table [1](#bjh15690-tbl-0001){ref-type="table"}). Characteristics between the RCT‐ibrutinib group and the total ibrutinib pool were similar, except that nearly twice the proportion of patients in the total ibrutinib pool had a history of bleeding events (8% in the RCT‐ibrutinib group and 15% in the total ibrutinib pool). History of hypertension at baseline was the most commonly reported comorbidity (44% in the RCT pool and 46% in the total ibrutinib pool). Use of AC/AP agents at any time during ibrutinib treatment was similar between the total ibrutinib pool and the RCT‐ibrutinib pool; AC agents were used in 20.1% and 21.7% and AP agents were used in 39.2% and 38.6% of patients in the total ibrutinib pool and RCT‐ibrutinib group, respectively. Approximately 10% of patients received both AC and AP during treatment in each of the total ibrutinib and RCT‐ibrutinib pools.

###### 

Baseline demographics[\*](#bjh15690-note-0003){ref-type="fn"}

  Characteristic, *n* (%)                                                         RCT pool[†](#bjh15690-note-0004){ref-type="fn"}: ibrutinib ± BR *N* = 756   RCT pool[†](#bjh15690-note-0004){ref-type="fn"}: comparators *N* = 749   Total ibrutinib pool *N* = 1768
  ------------------------------------------------------------------------------- --------------------------------------------------------------------------- ------------------------------------------------------------------------ ---------------------------------
  Age                                                                                                                                                                                                                                  
  \<65 years                                                                      274 (36)                                                                    288 (38)                                                                 758 (43)
  67--75 years                                                                    352 (47)                                                                    331 (44)                                                                 726 (41)
  \>75 years                                                                      130 (17)                                                                    130 (17)                                                                 284 (16)
  Male                                                                            508 (67)                                                                    506 (68)                                                                 1236 (70)
  ECOG PS \>1                                                                     13 (2)                                                                      13 (2)                                                                   62 (4)
  Baseline platelet count                                                                                                                                                                                                              
  \<50 × 10^9^/l                                                                  32 (4)                                                                      20 (3)                                                                   102 (6)
  50--100 × 10^9^/l                                                               176 (23)                                                                    179 (24)                                                                 406 (23)
  \>100 × 10^9^/l                                                                 545 (72)                                                                    547 (73)                                                                 1256 (71)
  Lymphocyte count ≥100 × 10^9^/l                                                 128 (17)                                                                    158 (21)                                                                 221 (13)
  Use of AC and/or AP[‡](#bjh15690-note-0005){ref-type="fn"}                      373 (49)                                                                    359 (48)                                                                 879 (50)
  Any use of AC                                                                   164 (22)                                                                    145 (19)                                                                 356 (20)
  Any use of AP                                                                   292 (39)                                                                    276 (37)                                                                 693 (39)
  Use of both AC and AP                                                           83 (11)                                                                     62 (8)                                                                   170 (10)
  Use of strong/moderate CYP3A inhibitor[‡](#bjh15690-note-0005){ref-type="fn"}   241 (32)                                                                    233 (31)                                                                 541 (31)
  History of bleeding events                                                      62 (8)                                                                      55 (7)                                                                   261 (15)
  History of hypertension                                                         332 (44)                                                                    329 (44)                                                                 807 (46)
  History of haemorrhagic stroke/TBI                                              0                                                                           0                                                                        0
  History of alcohol abuse                                                        0                                                                           3 (0.4)                                                                  4 (0.2)
  Baseline INR                                                                                                                                                                                                                         
  Total INR available                                                             722 (96)                                                                    704 (94)                                                                 1224 (69)
  Abnormal (\>1.5)                                                                9 (1)                                                                       12 (2)                                                                   14 (1)
  Normal (≤1.5)                                                                   713 (99)                                                                    692 (92)                                                                 1210 (99)

AC, anticoagulant; AP, antiplatelet; BR, bendamustine, rituximab; ECOG PS, Eastern Cooperative Oncology Group performance status; INR, international normalised ratio; MH, major haemorrhage; RCT, randomised controlled trial; TBI, traumatic brain injury.

Including common baseline risk factors for MH.

Data from RESONATE (PCYC‐1112, ibrutinib \[*n* = 195\] vs. ofatumumab \[*n* = 191\]), RESONATE‐2 (PCYC‐1115, ibrutinib \[*n* = 135\] vs. chlorambucil \[*n* = 132\]), HELIOS (CLL3001, ibrutinib + BR vs. BR alone; *n* = 287) and RAY (MCL3001, ibrutinib vs. temsirolimus; *n* = 139) (Byrd *et al*, [2014](#bjh15690-bib-0008){ref-type="ref"}; Burger *et al*, [2015](#bjh15690-bib-0005){ref-type="ref"}; Chanan‐Khan *et al*, [2016](#bjh15690-bib-0014){ref-type="ref"}; (Dreyling *et al*, [2016](#bjh15690-bib-0016){ref-type="ref"}).

Concomitant use of AC, AP, or CYP3A inhibitor with ibrutinib or comparator (at any time during safety evaluation period, including 30 days after end of ibrutinib treatment for those without MH, or before onset of first MH for those with MH) including a 7‐day grace period after end of use.
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Incidence of all bleeding events {#bjh15690-sec-0009}
--------------------------------

In the total ibrutinib pool, bleeding events occurred in 39% of patients, with grade ≥3 bleeding in 3%. The most common bleeding events were contusion (10.6%), epistaxis (7.9%), increased tendency to bruise (5.2%) and petechiae (6.4%), which were grade 1 or 2 in nearly all cases. The median time to onset of the first bleeding event was 49 days (range, 1--784; Table SII). Bleeding events occurred at a similar rate in patients treated with single‐agent ibrutinib or ibrutinib combinations (39% and 40%).

In the RCT pool, grade 1 or 2 bleeding events were more common in the ibrutinib (268/756, 35%) than the comparator arm (113/749, 15%), but grade ≥3 bleeding events were similarly uncommon (25/756, 3% vs. 17/749, 2%, respectively). The median time to onset of the first bleeding event was comparable between ibrutinib‐ and comparator‐treated patients (56 days \[range, 1--695\] and 43 days \[range, 1--639\], respectively; Table [SII](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Patients remained on ibrutinib treatment longer than on comparators, with median treatment durations of 11.0 months in the total ibrutinib pool, 13.1 months in the RCT‐ibrutinib pool and 5.8 months in the RCT‐comparator pool that consisted largely of fixed duration therapies. The EAIR of all bleeding events was higher in ibrutinib‐treated patients than in comparator‐treated patients (53.4, 41.0 and 24.0 per 1000 person‐months for the total ibrutinib pool, RCT‐ibrutinib pool and RCT‐comparator pool, respectively; Table [SII](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Incidence of MH events {#bjh15690-sec-0010}
----------------------

In the total ibrutinib pool, the crude rate of MH was 4.1% with an EAIR of 3.6 per 1000 person‐months (Table [2](#bjh15690-tbl-0002){ref-type="table"}). Rates of MH were higher among patients with MCL than among those with CLL (25/381, 6.6% vs. 44/1165, 3.8%; Fig [1](#bjh15690-fig-0001){ref-type="fig"}A,B). Crude MH rates were similar between patients treated with single‐agent ibrutinib and ibrutinib combinations (4.2% and 4.0%) with EAIRs of 3.8 and 3.0 per 1000 person‐months, respectively (Fig [1](#bjh15690-fig-0001){ref-type="fig"}A,B). Analysis of the incidence of MH by 3‐month intervals extending out to 24 months suggests the possibility of a declining rate over time, with the incidence of MH at 6 months approximately half of that at 3 months, albeit with fewer patients at risk at longer times (Figure [S1](#bjh15690-sup-0001){ref-type="supplementary-material"}).

###### 

Incidence and characteristics of MH

                                                      RCT pool ibrutinib ± BR *N* = 756                 RCT pool comparators *N* = 749   Total ibrutinib pool *N* = 1768
  --------------------------------------------------- ------------------------------------------------- -------------------------------- -------------------------------------------------
  Patients with MH, *n* (%)                           33 (4.4)                                          21 (2.8)                         73 (4.1)
  Grade 3/4                                           24 (3.2)                                          17 (2.3)                         53 (3.0)
  CNS event                                           7 (0.9)                                           0                                20 (1.1)
  Serious AE                                          28 (3.7)                                          13 (1.7)                         59 (3.3)
  Fatal event                                         3 (0.4)[\*](#bjh15690-note-0007){ref-type="fn"}   0                                6 (0.3)[\*](#bjh15690-note-0007){ref-type="fn"}
  EAIR of MH per 1000 person‐months (95% CI)          3.2 (2.1--4.3)                                    3.1 (1.8--4.5)                   3.6 (2.8--4.5)
  Number of patients with MH events, *n* (%)                                                                                             
  1 event                                             27 (3.6)                                          19 (2.5)                         59 (3.3)
  2 events[†](#bjh15690-note-0008){ref-type="fn"}     6 (0.8)                                           1 (0.1)                          13 (0.7)
  \>2 events[†](#bjh15690-note-0008){ref-type="fn"}   0                                                 1 (0.1)                          1 (0.1)
  Median time to onset of first event (range), days   155.0 (2.0--596.0)                                27.0 (1.0--455.0)                128.0 (1.0--678.0)
  MH leading to dose reduction, *n* (%)               1 (0.1)                                           0                                1 (0.1)
  MH leading to treatment discontinuation, *n* (%)    7 (0.9)                                           2 (0.3)                          21 (1.2)

AE, adverse event; BR, bendamustine, rituximab; CI, confidence interval; CNS, central nervous system; EAIR, exposure‐adjusted incidence rate; MH, major haemorrhage; RCT, randomised controlled trial.

The 3 fatal MH events in the randomised group occurred in patients with relapsed/refractory disease (Brown *et al*, [2017](#bjh15690-bib-0004){ref-type="ref"}); 1 additional patient experienced fatal splenic rupture, which was coded as grade 4 haemorrhage.

Patients were considered to have more than 1 MH event if they had a recurrence or if multiple events occurred simultaneously that were coded as different types of MH.
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![Crude rate and EAIR of MH by treatment approach and histology in the total ibrutinib pool (A, B) and in the RCT pool (C, D). CLL, chronic lymphocytic leukaemia; comp, comparator; EAIR, exposure‐adjusted incidence rate; ibr, ibrutinib; MCL, mantle cell lymphoma; MH, major haemorrhage; P‐M, person‐months; RCT, randomised controlled trial; R/R, relapsed/refractory.](BJH-184-558-g001){#bjh15690-fig-0001}

In the RCT pool, the crude incidence of MH was higher in the ibrutinib‐ *versus* comparator‐treated patients (4.4% vs. 2.8%); however, EAIRs were similar between groups (3.2 vs. 3.1 per 1000 person‐months; Table [2](#bjh15690-tbl-0002){ref-type="table"}, Fig [1](#bjh15690-fig-0001){ref-type="fig"}C,D). Higher EAIRs were observed in patients with MCL than in patients with CLL in both arms. For patients with CLL, the crude rates of MH were 3.1% with ibrutinib and 2.0% with comparators (Fig [1](#bjh15690-fig-0001){ref-type="fig"}C), with similar EAIRs between groups (2.2 vs. 2.1 per 1000 person‐months; Fig [1](#bjh15690-fig-0001){ref-type="fig"}D). Similarly, the crude rate of MH in patients with MCL (*n* = 139 per arm) was 10.1% in those treated with ibrutinib and 6.5% in those treated with comparators (Fig [1](#bjh15690-fig-0001){ref-type="fig"}C) and the EAIRs were 7.4 and 9.4 per 1000 person‐months, respectively (Fig [1](#bjh15690-fig-0001){ref-type="fig"}D).

Analysis of early nonmajor bleeding and later MH {#bjh15690-sec-0011}
------------------------------------------------

An exploratory analysis was performed on the total ibrutinib pool in patients who had available data for onset date of bleeding (*n* = 1749) to determine whether a nonmajor bleeding event increased the risk for developing a subsequent MH event. Of 631 patients with a nonmajor bleeding event, 28 (4.4%) experienced subsequent MH. Of 1118 patients without preceding nonmajor bleeding events, 44 (3.9%) experienced MH, indicating that there was no association between nonmajor bleeding events and subsequent MH events (*P *=* *0.618).

Timing and severity of MH events {#bjh15690-sec-0012}
--------------------------------

In the total ibrutinib pool, 73 patients experienced a total of 88 MH events. In both the total ibrutinib pool and the RCT pool, most patients with MH had only 1 event (Table [2](#bjh15690-tbl-0002){ref-type="table"}). In the RCT pool, the median time to onset of the first MH event was longer among ibrutinib‐treated than comparator‐treated patients (approximately 4--6 months vs. 1 month; Table [2](#bjh15690-tbl-0002){ref-type="table"}, Fig [2](#bjh15690-fig-0002){ref-type="fig"}).

![Time to onset of first major haemorrhage (MH) event in the randomised controlled trial pool (A) and total ibrutinib pool (B).](BJH-184-558-g002){#bjh15690-fig-0002}

In the total ibrutinib pool, 53 patients (3.0%) reported a grade 3/4 MH event and 59 patients (3.3%) had an SAE of MH. Similar trends were reported for patients treated with single‐agent or ibrutinib combinations. In the RCT pool, grade 3/4 MH events and an SAE of MH occurred in 24 (3.2%) and 28 (3.7%) patients, respectively, in the ibrutinib group, and 17 (2.3%) and 13 (1.7%) patients, respectively, in the comparator group. With the current dataset and observation time, CNS bleeding events were reported only among ibrutinib‐treated patients, in 1.1% of the total ibrutinib pool, 0.9% of the RCT ibrutinib pool and none in the comparator pool.

In the total ibrutinib pool, 23/88 events were CNS MH and 65/88 events were non‐CNS MH. Twenty patients experienced the 23 events of CNS MH, with the most common events being subdural haematoma (14 events) and intracranial haemorrhage (5 events). Six of these 20 patients had MH events associated with trauma (including head injuries due to falls). Fifty‐three patients experienced the 65 events of non‐CNS MH, with the most common events (occurring in \>10 patients) being injury or post‐procedural MH (13 events) and gastrointestinal MH (13 events; Table [SIII](#bjh15690-sup-0001){ref-type="supplementary-material"}). For the 11 post‐procedural MH events that occurred among 9 patients in the total ibrutinib pool, ibrutinib was not held prior to the procedure in 9 cases.

In this analysis, 6 fatal MH events were reported in the total ibrutinib pool and none were reported in the comparator pool (Table [2](#bjh15690-tbl-0002){ref-type="table"}). Three patients with fatal MH (ruptured abdominal aortic aneurism, subdural haematoma, post‐procedural haemorrhage) from the RCT‐ibrutinib pool have previously been described (Brown *et al*, [2017](#bjh15690-bib-0004){ref-type="ref"}). The 3 additional cases (intracranial haemorrhage, intraventricular haemorrhage, subdural haematoma) are described in Table [SIV](#bjh15690-sup-0001){ref-type="supplementary-material"}.

Treatment modifications {#bjh15690-sec-0013}
-----------------------

In the total ibrutinib pool, treatment was discontinued because of MH in 1% of all patients (*N* = 1768). Of the 88 MH events, 27 (30.7%) resulted in a temporary hold of ibrutinib, 1 (1.1%) resulted in dose reduction, 22 (25.0%) resulted in ibrutinib discontinuation and 23 (26.1%) resulted in no changes to ibrutinib treatment (Table [SV](#bjh15690-sup-0001){ref-type="supplementary-material"}). The remainder had MH events after stopping ibrutinib or had missing data. The outcomes of CNS MH events tended to be worse than non‐CNS MH events, with 4 fatalities from CNS MH events and 2 fatalities from non‐CNS MH events. Four patients with CNS MH events and 4 patients with non‐CNS MH events recovered with sequalae. Overall, most patients (69.3%) recovered without sequalae or are recovering from MH events (Table [SV](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Analysis of MH and use of AC/AP agents {#bjh15690-sec-0014}
--------------------------------------

In the total ibrutinib pool, AC/AP use at any time during ibrutinib treatment was associated with an increased crude relative risk of MH (1.6; 95% CI, 1.0--2.6). The relative risk for MH after adjusting for AC/AP exposure was 1.9 (95% CI, 1.2--3.0). In the RCT pool, the crude relative risk of MH with AC/AP use was 1.4 (95% CI, 0.7--2.7) in the RCT‐ibrutinib pool and 1.2 (95% CI, 0.5--2.8) in the RCT‐comparator pool (Table [3](#bjh15690-tbl-0003){ref-type="table"}). The AC/AP exposure‐adjusted relative risk for MH was 1.2 (95% CI, 0.6--2.5) in the RCT‐ibrutinib pool and 2.4 (95% CI, 1.0--5.6) in the RCT‐comparator pool.

###### 

The use of AC or AP agents and risk of MH in the RCT population

                                             RCT pool ibrutinib ± BR *N* = 756                                RCT pool comparators *N* = 749   Total ibrutinib pool *N* = 1768                                                                                                                    
  ------------------------------------------ ---------------------------------------------------------------- -------------------------------- ---------------------------------------------------------------- ---------------- ---------------------------------------------------------------- ----------------
  Crude rate of MH                                                                                                                                                                                                                                                                                
  Overall                                    4.4 (33/756)                                                     --                               2.8 (21/749)                                                     --               4.1 (73/1768)                                                    --
  No use of AC *or* AP                       3.7 (14/383)                                                     1.4 (0.7--2.7)                   2.6 (10/390)                                                     1.2 (0.5--2.8)   3.1 (28/889)                                                     1.6 (1.0--2.6)
  Use of AC *and/or* AP                      5.1 (19/373)                                                     3.1 (11/359)                     5.1 (45/879)                                                                                                                                       
                                             Adjusted rate[\*](#bjh15690-note-0010){ref-type="fn"} (MH/P‐M)   RR (95% CI)                      Adjusted rate[\*](#bjh15690-note-0010){ref-type="fn"} (MH/P‐M)   RR (95% CI)      Adjusted rate[\*](#bjh15690-note-0010){ref-type="fn"} (MH/P‐M)   RR (95% CI)
  AC/AP exposure‐adjusted RR                                                                                                                                                                                                                                                                      
  No use of AC *or* AP at time of MH event   3.0 (23/7,666)                                                   1.2 (0.6--2.5)                   2.2 (11/4,942)                                                   2.4 (1.0--5.6)   2.8 (40/14,410)                                                  1.9 (1.2--3.0)
  Use of AC *and/or* AP                      3.5 (10/2,840)                                                   5.3 (10/1875)                    5.3 (33/6,280)                                                                                                                                     

AC, anticoagulants; AP, antiplatelet agents; BR, bendamustine, rituximab; CI, confidence interval; MH, major haemorrhage; P‐M, person‐months; RCT, randomised controlled trial; RR, relative risk.

MH incidence rate per 1000 person‐months.

John Wiley & Sons, Ltd

Concurrent use of AC and/or AP at any time during the study period was observed in approximately 50% of patients in both ibrutinib and comparator arms (Table [SVI](#bjh15690-sup-0001){ref-type="supplementary-material"}). In the total ibrutinib pool, 311 patients were on AC (median duration of treatment, 16 days \[range, 1--677\]), and 20 (6%) experienced an MH. Of 311 patients on AC, 116 (37.3%) started AC at study entry, among whom 8 (7%) experienced an MH event (Table [SVII](#bjh15690-sup-0001){ref-type="supplementary-material"}). Among 677 patients exposed to AP agents at any time during ibrutinib treatment (median duration of AP 174 days \[range, 1--982\]), 30 (4%) had an MH. Of 677 patients on AP, 430 (63.5%) started AP at study entry, among whom 21 (5%) experienced an MH event (Table [SVIII](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Of the patients treated with AC in the total ibrutinib pool, 243/311 (78%) were on LMWH/heparin (median 9 days), 45/311(14%) on VKAs (median 57 days) and 49/311 (16%) were on direct‐acting oral anticoagulants (DOACs; median 116 days; Table [SVII](#bjh15690-sup-0001){ref-type="supplementary-material"}), including apixaban (*n* = 7), rivaroxaban (*n* = 24) and dabigatran (*n* = 16; Table [SIX](#bjh15690-sup-0001){ref-type="supplementary-material"}). MH occurred in 15 patients (6%) on LMWH/heparin, 5 patients (11%) on VKAs and 1 patient (2%) on a DOAC (rivaroxaban; Table [SVII](#bjh15690-sup-0001){ref-type="supplementary-material"}). Of the patients treated with AP, nonsteroidal anti‐inflammatory drugs (NSAIDs) were used in 356/677 patients (53%) and ADP inhibitors were used in 55/677 patients (8%; Table [SVIII](#bjh15690-sup-0001){ref-type="supplementary-material"}). Twenty‐five patients received both ASA and clopidogrel, and 1/25 experienced a single occurrence of MH. The types of AC and AP agents used in the randomised studies were similar between ibrutinib‐ and comparator‐based therapies (Table [SVI](#bjh15690-sup-0001){ref-type="supplementary-material"}).

Multivariate analysis of MH risk {#bjh15690-sec-0015}
--------------------------------

Risk factors for MH identified at univariate analysis and pre‐selected variables (treatment, AC/AP use, age and sex) were assessed by multivariate analysis. Ibrutinib was not associated with increased risk for MH *versus* comparators (*P *=* *0.7; Table [4](#bjh15690-tbl-0004){ref-type="table"}). MCL was significantly associated with a higher risk of MH than CLL in the total ibrutinib pool (*P *=* *0.019), the total randomised pool (*P *\<* *0.001) and both the ibrutinib and comparator arms within the randomised pool (*P *\<* *0.001). Use of AC/AP was significantly associated with an increased risk of MH in the total ibrutinib pool (hazard ratio \[HR\], 1.7; 95% CI, 1.0--2.7; *P *=* *0.041) but not in the total randomised pool. An HR of 1.8 (95% CI, 0.7--4.5; *P *=* *0.196) with AC/AP use was observed in the RCT‐comparator group but did not reach statistical significance, probably because of small sample size. Low baseline platelet count (\<100x10^9^/l) was significantly associated with increased risk of MH in comparator‐treated patients in the RCT pool (*P *\<* *0.0001) but not in ibrutinib‐treated patients in either the randomised or total pools.

###### 

Results of multivariate analysis of risk factors for MH

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variable                                       Total ibrutinib pool *N* = 1768   Total RCT pool *N* = 1505   RCT pool ibrutinib ± BR *N* = 756   RCT pool comparators *N* = 749                                               
  ---------------------------------------------- --------------------------------- --------------------------- ----------------------------------- -------------------------------- ---------------- -------- ----------------- ----------
  Ibrutinib vs. comparator                       --                                NA                          1.1 (0.6--2.0)                      0.730                            --               NA       --                NA

  RR MCL vs. CLL                                 1.8 (1.1--3.0)                    0.019                       4.2 (2.3--7.5)                      \<0.0001                         3.5 (1.7--7.4)   0.0009   6.3 (2.3--17.2)   0.0003

  Use of AC or AP as a time‐dependent variable   1.7 (1.0--2.7)                    0.041                       1.3 (0.7--2.3)                      0.409                            1.0 (0.4--2.2)   0.967    1.8 (0.7--4.5)    0.196

  Baseline platelet counts\                      1.2 (0.7--2.0)                    0.458                       2.3 (1.3--4.0)                      0.005                            1.1 (0.5--2.5)   0.737    7.1 (2.7--19.0)   \<0.0001
  ≤100 × 10^9^/l vs. \>100 × 10^9^/l                                                                                                                                                                                            
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

AC, anticoagulant; AP, antiplatelet; BR, bendamustine, rituximab; CI, confidence interval; CLL, chronic lymphocytic leukaemia; HR, hazard ratio; MCL, mantle cell lymphoma; MH, major haemorrhage; NA, not applicable; RCT, randomised controlled trial; RR, relative risk.

John Wiley & Sons, Ltd

An exploratory analysis showed that HAS‐BLED (hypertension, abnormal renal/liver function, stroke, bleeding history or predisposition, labile international normalized ratio, elderly (\> 65 years), drugs/alcohol concomitantly) risk score (RS) (Pisters *et al*, [2010](#bjh15690-bib-0025){ref-type="ref"}) was significantly associated with greater risk of MH in the total ibrutinib pool (HR, 1.2; 95% CI, 1.0--1.5; *P *=* *0.02), but not in the RCT pool (HR, 1.2; 95% CI, 1.0--1.6; *P *=* *0.099). There was no significant interaction between ibrutinib treatment and HAS‐BLED RS on MH (*P *=* *0.52). Additional results and methodology for this analysis are presented in the Data [S1](#bjh15690-sup-0001){ref-type="supplementary-material"} and Table [SX](#bjh15690-sup-0001){ref-type="supplementary-material"}.

Discussion {#bjh15690-sec-0016}
==========

In clinical studies to date, ibrutinib has been associated with low‐grade bleeding and MH (Caron *et al*, [2017](#bjh15690-bib-0013){ref-type="ref"}), thought to be due to platelet dysfunction from on‐target inhibition of BTK together with inhibition of TEC kinase (Atkinson *et al*, [2003](#bjh15690-bib-0002){ref-type="ref"}; Byrd *et al*, [2016](#bjh15690-bib-0010){ref-type="ref"}). In this integrated analysis of bleeding risk across 15 clinical studies of ibrutinib, including 4 RCTs, we attempted to clarify the risks of significant bleeding and of concurrent anticoagulation. Any‐grade bleeding occurred more frequently in patients in the total ibrutinib pool compared with patients treated with comparators in the randomised studies. Interestingly, prior nonmajor bleeding was not predictive of subsequent MH, suggesting that better predictors of MH would be useful.

While the crude rate of MH was higher in ibrutinib‐treated patients, EAIRs of MH were comparable between ibrutinib‐ and comparator‐treated patients in the RCT pool when considering the longer duration of ibrutinib therapy. In this current analysis with data from 4 RCTs, the severity of MH appeared to be higher in those treated with ibrutinib, in which 7 CNS MH and 3 fatal events occurred in the RCT ibrutinib pool, and no CNS or fatal events were reported in the comparator pool. Given the small numbers, emerging data and longer follow‐up from additional phase 3 randomised studies are needed to further characterise the severity of MH events with ibrutinib *versus* comparator treatments. Of the 20 CNS events that occurred in the total ibrutinib pool, 6 occurred in the setting of trauma, providing a reminder that many MH events with ibrutinib are provoked. Similarly, in 9 of 11 periprocedural MH events among ibrutinib‐treated patients, ibrutinib was not held prior to the procedure, underscoring the importance of holding ibrutinib for 3--7 days before and after all procedures. Overall, only 1% of all ibrutinib‐treated patients discontinued ibrutinib due to MH with this duration of observation.

A major question we sought to address with this study is the safety of concurrent AP or AC agents with ibrutinib. During the early clinical development of ibrutinib, MH events were observed in patients who received concomitant anticoagulation with warfarin. This led to the exclusion of concomitant use of warfarin (and other VKAs) at study entry in subsequent clinical studies and its use was discouraged during the conduct of the trials (though not prohibited). Overall, about half of the patients in this study were exposed to an AC or AP agent. In the total ibrutinib pool, the rate of MH was 6% among patients treated with an AC at any point. Most of these patients received LMWH and only for a median duration of 9 days, which may limit the interpretation of these data. DOACs have been generally advocated for use in ibrutinib‐treated patients with AF (Brown, [2017](#bjh15690-bib-0003){ref-type="ref"}; Shatzel *et al*, [2017](#bjh15690-bib-0028){ref-type="ref"}) but data have been limited. In this dataset, 49 patients received DOACs for a median of 116 days, with only 1 occurrence of an MH event. Among patients in the total ibrutinib pool who started the study on AC agents, the overall rate of MH was 6.9%, but 0 of 24 patients on DOACs at study entry had an MH. Overall, these data are reassuring but remain limited by small numbers. Patients remained on AP agents for a longer time and the rate of MH was 4%, providing further reassurance that the risk of MH is minimally affected by use of AP agents. Additionally, the incremental risk of MH associated with AC or AP agents was similar between ibrutinib and comparator arms in the RCT pool, suggesting that ibrutinib may not alter or enhance the effect of these agents on bleeding risk relative to other therapies. Concurrent use of supplements with anticoagulant properties may also increase the risk of bleeding on ibrutinib, as epistaxis resulting from fish‐oil supplements has been noted previously in a small number of patients with WM treated with ibrutinib (Treon *et al*, [2015](#bjh15690-bib-0030){ref-type="ref"}).

In univariate and multivariate analyses, ibrutinib use was not associated with increased risk of MH in the randomised pool. Consistent with these findings, a recent meta‐analysis that included the 4 RCTs analysed here found that ibrutinib increased the risk of any‐grade bleeding by 2.72‐fold and MH by 1.66‐fold, albeit the latter was not statistically significant (Caron *et al*, [2017](#bjh15690-bib-0013){ref-type="ref"}). Caution remains regarding bleeding risk with ibrutinib, particularly in the setting of surgical procedures or concurrent anticoagulation. Concurrent use of AC/AP was significantly associated with increased MH risk in the total ibrutinib pool, although patients in both the total ibrutinib pool and RCT‐comparator pool had a similar hazard ratio for developing MH with concurrent use of AC/AP. In both the total ibrutinib pool and the RCT pool, patients with MCL had a significantly higher risk for MH than patients with CLL. Whether the higher dose of ibrutinib used for patients with MCL contributes to this risk is not known; however, this increased risk is probably disease related, as this finding was noted in both the comparator and ibrutinib groups.

To provide additional guidance in considering individual patient risk for MH on ibrutinib, we investigated the HAS‐BLED RS as a predictor of bleeding risk in this setting. While higher scores were associated with increased risk, the overall value of this assessment was limited because most patients on this study had low scores due to the eligibility requirements of these clinical studies. This observation raises a key caveat of this review, which is that patients assessed in this aggregated review were not fully representative of the CLL patient population. Specifically, very few patients were over 75 years, very few had platelet counts \<50 × 10^9^/l and few had platelet counts \<100 × 10^9^/l. Our findings are consistent with a recent retrospective cohort study, which included patients on and off clinical studies and reported MH in 3.2% of ibrutinib‐treated patients with CLL, MCL or WM (*N* = 437 patients) (Pavlik *et al*, [2016](#bjh15690-bib-0024){ref-type="ref"}). However, another single‐centre study of patients treated with ibrutinib (*N* = 71, majority receiving AC or AP) reported MH in 18% of overall patients and in 78% of patients receiving dual AP and AC therapy (Kunk *et al*, [2016](#bjh15690-bib-0021){ref-type="ref"}). The variations between these studies are probably due to patient selection differences.

Interestingly, studies have shown that both *in vitro* and clinical effects of ibrutinib on bleeding stabilise or improve over time (Ysebaert *et al*, [2014](#bjh15690-bib-0035){ref-type="ref"}; Lipsky *et al*, [2015](#bjh15690-bib-0023){ref-type="ref"}). A study of bleeding risk in ibrutinib‐treated patients with CLL reported a plateau in cumulative incidence of bleeding by 6 months with a median follow‐up of 24 months, suggesting that the risk of bleeding during continued therapy may decrease (Lipsky *et al*, [2015](#bjh15690-bib-0023){ref-type="ref"}). In our study, the incidence of MH on ibrutinib also appears lower over time, as evidenced by the declining frequency of MH, although the patient population at risk may also change as patients discontinue ibrutinib because of AEs (Figure [S1](#bjh15690-sup-0001){ref-type="supplementary-material"}). These observations are intriguing, and analyses from both longer‐term follow‐up and forthcoming data from additional phase 3 studies will further elucidate the frequency and characteristics of MH with ibrutinib therapy. As an essential component of patient evaluation, the risk for bleeding should continue to be evaluated when considering administering ibrutinib with AC/AP medicines.

In summary, we report on the risk of bleeding with ibrutinib across more than 1700 patients treated in prospective clinical studies. We identified low‐grade bleeding in 36% and MH in 4.1% of patients, with only 1% of patients discontinuing ibrutinib because of MH. Relative to comparators, ibrutinib did not have an increased risk for MH when corrected for treatment duration. Moderate associations between AC/AP use and the risk of MH in both ibrutinib‐ and comparator‐treated patients suggest that ibrutinib may not differentially alter the risk of MH with the use of these agents. Given the significant survival benefit for patients treated with ibrutinib, ongoing studies of bleeding risk over longer follow‐up and from additional phase 3 data, as well as in the general patient population outside of clinical studies, including in the context of specific AC agents, is warranted to optimise therapeutic management.
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